Although trait anxiety has been associated with risk decision making, whether it is related to risk per se or to the feeling of the risk, as well as the underlying neurocognitive mechanisms, remains unclear. Using a decision-making task with a manipulation of frame (i.e., written description of options as a potential gain or loss) and functional magnetic resonance imaging, we investigated the neurocognitive relationship between trait anxiety and decision making. The classic framing effect was observed: participants chose the safe option when it was described as a potential gain, but they avoided the same option when it was described as a potential loss. Most importantly, trait anxiety was positively correlated with this behavioral bias. Trait anxiety was also positively correlated with amygdala-based "emotional" system activation and its coupling with the ventromedial prefrontal cortex (vmPFC) when decisions were consistent with the framing effect, but negatively correlated with the dorsal anterior cingulate cortex (dACC)-based "analytic" system activation and its connectivity to the vmPFC when decisions ran counter to the framing effect. Our findings suggest that trait anxiety is not associated with subjective risk preference but an evaluative bias of emotional information in decision making, underpinned by a hyperactive emotional system and a hypoactive analytic system in the brain.
Introduction
Anxiety can be viewed as an adaptive emotion that directs an individual to avoid potential threats (de Visser et al., 2010) . Many studies suggest that risk-avoidance tendency may relate to survival from life-threatening situations (Clark, 1999; Maner and Schmidt, 2006; Nesse, 2006) . However, some studies show that anxiety may lead to excessive risk-seeking in certain situations. For example, when risk-avoidant options are presented in an emotionally negative way, high anxious individuals are more likely to choose risky options (Chapman, 2006; Tang et al., 2012) . Other studies show that anxiety and risk-avoidant behavior are not associated (Mitte, 2007; Gu et al., 2010a, b) . Given that heightened anxiety is associated with attention, memory, and interpretative biases toward emotional stimuli (Mathews et al., 1989; Bar-Haim et al., 2007; , the mechanism for heightened risk aversion in anxiety seems to be, in part, the result of altered emotional information processing. Considering the prominent role of feelings in risk decision making (Loewenstein et al., 2001; Quartz, 2009) , understanding the relationship between anxiety and risk-based decision making, by manipulating emotional context, is essential.
The "framing effect" refers to the phenomenon wherein the way information is presented (i.e., framed) significantly influences the upcoming decision (Tversky and Kahneman, 1981) . People tend to choose the option framed as a potential gain but avoid the same option framed as a potential loss (Kühberger et al., 1999) . The framing effect represents the impact of emotional information on human decision making (Druckman and McDermott, 2008; Fagley et al., 2010) . That is, positive or negative information is integrated into the process of cognitive judgment and subsequently elicits an "approach" or "avoidance" tendency, respectively (Mittal and Ross, 1998; Deppe et al., 2007) . Previous studies on the neural mechanisms underlying the framing effect have shown that the activation of an amygdala-based "emotional" neural system corresponds to decisions matching the frame and the activation of a dorsal anterior cingulate cortex (dACC)-based "analytic" neural system corresponds to decisions breaching the frame Roiser et al., 2009) . Abnormal activity in both the amygdala (Deisseroth et al., 2011; Indovina et al., 2011) and the dACC (Nitschke et al., 2009; Straube et al., 2009 ) systems is associated with anxiety, indicating the potential influence of anxiety on frame-dependent decisionmaking Hartley and Phelps, 2012) .
In this study, we investigated the influence of trait anxiety on the neurocognitive mechanisms of risk decision making. We hypothesized that risk preference in trait anxiety is associated with processing emotional context, underpinned by corresponding neural circuits in decision making. We used Spielberger's Trait Anxiety Inventory (Spielberger et al., 1983) to measure trait anxiety. We adopted the framing effect task to manipulate contextual information in decision making while using functional magnetic resonance imaging (fMRI) to examine the related brain activity and connectivity. We predicted that trait anxiety would correlate to the framing effect behaviorally and that both emotional and analytic neural systems underlying the framing effect would be altered with trait anxiety magnitude.
Materials and Methods
Participants. Twenty-five healthy undergraduate students participated in the experiment. No participants had any history of neurological and psychiatric disorders or head injury. Written informed consent was obtained from each participant before MRI scanning. The experimental protocol was approved by the local Ethics Committee at Beijing Normal University.
Two participants were excluded from data analysis because of excessive head motion (absolute displacement relative to the reference scan exceeded a single voxel, i.e., 3 mm), two because of poor task performance (Ͼ10% response omission), and one because of misunderstanding of task rules (as evidenced in debriefing). As a result, the final sample consisted of data from 20 participants (11 females; mean age 19.8 Ϯ 2.1 years).
Before the experiment, participants completed the Chinese version (Shek, 1993) of the Spielberger's Trait Anxiety Inventory. Considering the strong overlap between anxiety and depression (Stavrakaki and Vargo, 1986; Clark and Watson, 1991) , the Chinese version of the Zung self-rating depression scale (Zung et al., 1965; Shu, 1993; SDS) was also included to control for the potential influence of depression.
Experimental paradigm. The experiment was divided into three phases: an instruction phase, a formal task phase, and a post hoc debriefing phase (Roiser et al., 2009 ). In the instruction phase, participants acquired familiarity with the task via eight practice trials. In the formal task, participants were shown a fixation cross (2 s) at the beginning of each trial, then a message screen (2 s) indicating a starting amount of points (e.g., "You receive 100 points," in Chinese; Fig. 1 ). Participants were informed that they would not retain all points but would have to select between a "sure" and a "gamble" option by pressing the left and right buttons on a button box. when a decision screen (4 s) appeared. The positions of two options on the decision screen were counterbalanced across trials. Participants were informed before the experiment that task performance (i.e., total points) would contribute to their final payment. The relationship between point thresholds and corresponding participant payment was shown on a table, which indicated that the range of possible earning was 40 -200 Chinese Yuan.
Within each trial, the expected values of the sure and gamble options were identical. The difference between conditions was the frame of the options, that is, the sure option was described as money retained in the gain (positive) frame condition (e.g., "keep 80 points" of 100 points) and was described as money lost in the loss (negative) frame condition (e.g., "lose 20 points" of 100 points). The gamble option was presented identically for both conditions and was represented as a pie chart depicting the probability of winning and losing in green and red, respectively (Fig.  1) . No feedback was provided during the task. At the end of the task, total remaining/earned points was displayed to participants. At the end of the final phase, participants were debriefed and paid.
One exception to the balancing of the sure and gamble options occurred during "catch" trials. For half of these trials ("gamble-weighted"), the gamble option was preferable (95% winning probability via the gamble option vs guarantee of 50% of the initial amount); for the other half of these trials ("sure-weighted"), the sure option was preferable (5% probability of winning by gambling vs guarantee of 50% of the initial amount). We included these trials to ensure that participants remained engaged throughout the task . One-third of the trials in each session were "catch" trials (96 in total).
The formal task was divided into three identical sessions comprised of 96 trials (32 gain frame, 32 loss frame, and 32 catch trials; ordered pseudorandomly), consistent with the task design of De Martino et al. (2006) . Each session lasted 12 min 48 s. Stimulus display and behavioral data acquisition were conducted using E-Prime software (Version 1.1, Psychology Software Tools).
Behavioral data analysis. The framing effect was calculated as follows: (Gain sure ϩ Loss gamble ) Ϫ (Gain gamble ϩ Loss sure ), that is, the difference between trials in which participants' decisions were affected by the frame (chose the sure option in the gain frame condition or chose the gamble option in the loss frame condition) and trials in which participants' decisions ran counter to the frame (chose the gamble option in the gain frame condition or chose the sure option in the loss frame condition), as in the study of De Martino et al. (2006) . A one-sample t test was performed, after removing the response omission trials, to test the framing effect. To explore the relationship between trait anxiety and the framing effect, a Pearson correlation was computed. A linear regression analysis was performed with trait anxiety and SDS scores as independent variables, and the framing effect as the dependent variable to control for the potential influence of depression.
Imaging data acquisition. MRI data were acquired using a Siemens MAGNETOM Trio 3T MR scanner powered with Total Imaging Matrix technique at the Imaging Center for Brain Research at Beijing Normal University. Both the fMRI and high resolution 3D structural brain data were obtained using a 12-channel phased-array head coil with the implementation of a parallel imaging scheme that generalized auto-calibrating partially parallel acquisitions (Griswold et al., 2002) . The fMRI data were acquired with a gradient-echo echo-planer imaging sequence with the following parameters: repetition time (TR) ϭ 2000 ms, echo time (TE) ϭ 30 ms, 33 transversal slices, slice thickness 3.5 mm with gap 0.7 mm, flip angle ϭ 90°, field of view (FOV) ϭ 224 mm ϫ 224 mm, data matrix ϭ 64 ϫ 64, 387 volumes scanned in 12.8 min, and spatial coverage (3.5 ϩ 0.7) mm/slice ϫ 33 slices Ϸ 139 mm. In addition, the 3D structural brain images (1 mm 3 isotropic) were also acquired for each participant using a T1-weighted 3D magnetization-prepared rapid gradient echo sequence with the following parameters: TR/TE ϭ 1900 ms/3.44 ms, flip angle ϭ Figure 1 . Schematic of the decision-making task. For each trial, after a 2 s fixation, a certain amount of money (e.g., "you receive 100 points" in Chinese in the figure) is presented for 2 s. After that, a 4 s choice with a "sure" and a "gamble" option is displayed. The "sure" option states how much money will be retained from the initial amount ("keep 80 points") in the gain frame and how much money will be lost from the initial amount ("lose 80 points") in the loss frame. The "gamble" option states the probability of winning (in green) or losing (in red) the total amount of money for the trial, using a pie chart. The options were balanced across trials on the left and right side of the screen. A, Gain frame. B, Loss frame.
9°, data matrix ϭ 256 ϫ 256, FOV ϭ 256 mm ϫ 256 mm, BW ϭ 190 Hz/pixel, 176 image volumes along the sagittal orientation, obtained in about 6 min. Imaging data analysis. Event-related analyses of the functional imaging data were conducted using statistical parametric mapping (SPM8; Wellcome Trust Centre for Neuroimaging). The functional images were first corrected for timing and then realigned to the first volume, coregistered to the T1 image, normalized to a standard template (Montreal Neurological Institute), and spatially smoothed with an 8 mm full-width-athalf-maximum Gaussian kernel.
To determine the brain activation underlying the framing effect, general linear modeling (GLM) (Friston et al., 1995) was conducted for the functional images from each participant by modeling the event-related blood oxygenation level-dependent (BOLD) signals and regressors. Regressors were created by convolving a train of ␦ functions representing the sequence of individual events with the default SPM basis function. In addition to the four levels of the framing effect (i.e., Gain sure , Loss gamble , Gain gamble , Loss sure ), event type-specific regressors were also included to exclude omission trial related BOLD responses. Six parameters generated during motion correction were entered as covariates. Low-frequency drifts in signal were removed using a high-pass filter with a cutoff at 128 s. Serial correlation was estimated using an autoregressive AR(1) model. Linear contrasts of the parameter estimates were made to identify the main effects of frame and decision and the interaction effect between them (i.e., the framing effect), resulting in images of contrast estimate for these effects for each participant. The images from all participants were entered into one-sample t tests for the second-level group analysis conducted with a random effects statistical model. The resultant voxelwise Z statistic maps were thresholded at p Ͻ 0.05, with a cluster-based correction for multiple comparisons using Gaussian random field theory (Worsley et al., 1992; Friston et al., 1994; Forman et al., 1995 ). The same cluster-level threshold was applied to all contrasts of the imaging analyses with the exception of the amygdala. Amygdala activation was thresholded with p Ͻ 0.05 using a small-volume correction (Worsley et al., 1996) , with an anatomical mask derived from the automated anatomical labeling atlas (Tzourio-Mazoyer et al., 2002) .
Although the experiment constituted a 2 ϫ 2 factorial design with the type of frame (Gain/Loss) as one factor and the behavioral decision (Sure/Gamble) of participants as the other, our primary aim was to examine the interaction between the frame type and the behavioral decision. The contrast of this interaction (i.e., (G sure ϩ L gamble ) Ϫ (G gamble ϩ L sure )) represents the framing effect, that is, the behavioral tendency resulting from the frame. The framing effect implies that an individual decision is risk-avoidant under a gain frame and risk-seeking under a loss frame. The opposite contrast of this interaction (i.e., (G gamble ϩ L sure ) Ϫ (G sure ϩ L gamble )) indicates that behavioral decisions of participants ran counter to the framing effect .
To test our hypotheses about the amygdala-based emotional system and dACC-based analytic system, both regions of interest (ROIs) and wholebrain analyses were performed. All the ROIs were selected based on wholebrain activation elicited by the framing effect (Table 1) . For the positive effect of frame, the left amygdala (Ϫ24, Ϫ4, Ϫ10) was selected; for the negative effect of frame, the right dACC (14, 20, 32) , left anterior insular (AI) cortex (Ϫ40, 10, 2), and right AI cortex (36, 18, 10) were selected. All ROIs were extracted as 5-mm-radius spheres. Multiple linear regressions were performed with activation of ROIs as the dependent variable, and trait anxiety, behavioral framing effect, and the interaction between these two factors as independent variables. A whole-brain multiple regression analysis was performed to examine the effect of trait anxiety using a random-effects model, with individual trait anxiety and behavioral framing effect (i.e., (G sure ϩ L gamble ) Ϫ (G gamble ϩ L sure )) as predictors, and with brain activation of the framing effect as the dependent variable.
Considering that both amygdala and ventromedial prefrontal cortex (vmPFC) play important roles in anxiety Kim and Whalen, 2009 ) and decision making (Bechara et al., 2000; Hampton et al., 2007) , psychophysiological interaction (PPI) analyses were conducted to further examine whether the modulation of the framing effect on the connectivity patterns of amygdala and vmPFC were associated with trait anxiety. For the PPI of the amygdala, the BOLD signal was extracted with the mask of the bilateral amygdala based on the automated anatomical labeling (AAL) template (Tzourio-Mazoyer et al., 2002) , from the T contrast of the framing effect in the first-level GLM analysis. For the PPI of the vmPFC, the BOLD signal was extracted from the reversed T contrast of the framing effect in the first-level analysis, with the mask of the bilateral ventral ACC (as vmPFC) based on the AAL template. The second GLM was performed with PPI regressors of (1) the interaction of amygdala/vmPFC activity by the framing effect, (2) the main effect of amygdala/vmPFC activity, and (3) the main effect of the framing effect, corresponding to PPI.ppi, PPI.Y, and PPI.P in the design matrix.
Given the notable influence of head motion on brain functional connectivity (Mowinckel et al., 2012; Power et al., 2012; Satterthwaite et al., 2012; Van Dijk et al., 2012) , correlations were computed between trait anxiety/ behavioral performance of framing effect, and both conventional rootmean-squared head motion and frame-wise displacement (a frame-byframe head movement) based on six motion parameters (Power et al., 2012) . None of the correlations was significant (ps Ͼ 0.20 for the correlations among trait anxiety and head motion measures; ps Ͼ 0.10 for the correlations among behavioral performance of framing effect and head motion measures). The six head motion parameters were entered into the GLM of PPI as covariates to regress out the possible influence of head motion.
To explore whether the brain activity in the interaction between amygdala/vmPFC and the framing effect was correlated with trait anxiety, both ROI and whole-brain analyses were performed. All the ROIs were extracted as 5-mm-radius spheres based on the activation of PPIs. The activation of vmPFC (8, 34, 4) was selected from the PPI results of amygdala. The activation of bilateral amygdala, (Ϫ30, 6, Ϫ20) for left and (22, Ϫ6, Ϫ14)) for right, were selected from the PPI results of vmPFC and then averaged. The activation of dACC (6, 26, 42) was selected from the PPI results of vmPFC. Pearson correlations were calculated between these ROIs and trait anxiety. The whole-brain regression model was also conducted with the interaction of amygdala/vmPFC activity by the framing effect (PPI.ppi) as the dependent variable and trait anxiety as the independent variable.
Results

Behavioral framing effect and its relationship with trait anxiety
A one-sample t test revealed that the framing effect was significantly larger than zero (mean Ϯ SD, 24.65 Ϯ 16.94, t (19) ϭ 6.47, p Ͻ 0.001); that is, participants were more likely to make decisions in accordance with the frame (Gain sure ϭ 53.1%, Loss gamble ϭ 54.0%) rather than counter to the frame (Gain gamble ϭ 45.5%, Loss sure ϭ 44.4%; Fig. 2A ). Regarding catch trials, participants chose the sure option on 86.8% of the sure-weighted trials and chose the gamble option on 93.5% of the gamble-weighted trials. These results indicated the subjects' continued engagement with the task throughout the experiment.
Trait anxiety scores ranged from 28 to 55 (39.9 Ϯ 6.9). Correlation analysis revealed a significant positive correlation between trait anxiety and the framing effect (r ϭ 0.68, p ϭ 0.001, two-tailed; Fig. 2B ). However, trait anxiety was not correlated with risk-avoidance tendency in either the gain frame condition (r ϭ 0.01, p ϭ 0.95) or the loss frame condition (r ϭ Ϫ0.29, p ϭ 0.21).
To control for the potential influence of depression, the relationship between SDS scores (range, 25-51; 34.8 Ϯ 7.4), anxiety, and the framing effect was examined. Correlation analysis indicated that there was no correlation between depression and the framing effect (r ϭ 0.13, p ϭ 0.59, two-tailed). There was a significant correlation between trait anxiety and depression (r ϭ 0.53, p ϭ 0.02). To examine the possible contributions of depression and anxiety individually, we used linear regression analysis with trait anxiety and depression scores as independent variables (entered method) and the framing effect as the dependent variable. The regression model was significant (F (2,17) ϭ 9.69, p Ͻ 0.01, R 2 ϭ 0.50). Whereas trait anxiety was a significant predictor of the framing effect (␤ ϭ 0.85, p Ͻ 0.01), depression was not (␤ ϭ Ϫ0.32, p ϭ 0.12). These results suggest that the depression does not represent a confounding covariate in the relationship between anxiety and the framing effect. Thus, SDS was excluded from subsequent analyses.
Brain activation underlying the framing effect and its relationship with trait anxiety
Using GLM, the contrast of the framing effect, (G sure ϩ L gamble ) Ϫ (G gamble ϩ L sure ), revealed significant activation in the left amygdala (with the small-volume correction) ( Fig. 3A ; Table 1 ). For the reversed pattern of the framing effect, (G gamble ϩ L sure ) Ϫ For each cluster, the cluster size was reported in the line of the local maxima. The large cluster size in the current study resulted from a unified cluster-based correction for multiple comparisons with p ϭ 0.05 as the threshold to be consistent across all the data analyses. For the amygdala, a small-volume correction (Worsley et al., 1996) was applied, with an anatomical mask derived from the AAL atlas (Tzourio-Mazoyer et al., 2002 ) and with a voxel-level threshold p uncorrected Ͻ 0.05 and a search volume of 2200 mm 3 (275 voxels). The same correction for the activation of amygdala was also used for Tables 2, 5, and 6.
(G sure ϩ L gamble ), we found significant activation in the right dACC and bilateral AI cortex (Zheng et al., 2010) ( Fig. 3D ; Table 1 ). Considering the amygdala ROI as the dependent variable, the regression model of trait anxiety and behavioral framing effect (as independent variables) was not significant overall (F (3,16) ϭ 2.41, p ϭ 0.11, R 2 ϭ 0.31), although anxiety was a significant predictor (␤ ϭ 0.35, p ϭ 0.02; Fig. 3B ), indicating that anxiety was positively correlated with activation in the amygdala. Neither the behavioral framing effect (␤ ϭ Ϫ0.05, p ϭ 0.33) nor the interaction between anxiety and the framing effect (␤ ϭ Ϫ0.01; p ϭ 0.13) was a significant predictor. For the right dACC, the regression model was significant (F (3,16) ϭ 5.24, p ϭ 0.01, R 2 ϭ 0.50). In this model, anxiety (␤ ϭ Ϫ0.30, p Ͻ 0.01) and the interaction between anxiety and the framing effect were both significant predictors (␤ ϭ 0.01, p Ͻ 0.01). These findings indicate that activation of dACC was negatively correlated with anxiety but positively correlated with the interaction between anxiety and the framing effect (Fig. 3E) . The behavioral framing effect was not a significant predictor in this model (␤ ϭ 0.02, p ϭ 0.69). For the left AI, the overall regression model was not significant (F (3,16) ϭ 1.01, p ϭ 0.42, R 2 ϭ 0.16). For the right AI, the regression model was again not significant (F (3,16) 
Using a multiple regression model, the contrast of the framing effect revealed a significant positive correlation between anxiety and left amygdala activation ( Fig. 3C ; Table 2 ) and a significant negative correlation between anxiety and activation in the bilateral dorsal lateral prefrontal cortex (dlPFC), bilateral dACC, and bilateral AI cortex ( Fig. 3F ; Table 2 ).
Brain connectivity underlying the framing effect and its relationship with trait anxiety
With the framing effect as the psychological context and the BOLD signal of the amygdala as the physiological signal, PPI analysis showed that the bilateral amygdala was positively coupled with the vmPFC, postcentral gyrus, and supplemental motor area ( Fig. 4A ; Table 3 ). ROI analysis showed that the functional connectivity between amygdala and vmPFC was significantly positively correlated with trait anxiety (r ϭ 0.61, p Ͻ 0.01; Fig.  4B ). The whole-brain regression analysis showed that anxiety was positively correlated with the modulation of the framing effect on the connectivity among the amygdala and vmPFC, bilateral AI, bilateral posterior cingulate cortex/precuneus, and bilateral dlPFC ( Fig. 4C ; Table 4 ). In other words, an increase in anxiety was related to an in increase functional connectivity between amygdala and vmPFC underlying the framing effect.
With the framing effect as the psychological context and the BOLD signal of the vmPFC as the physiological signal, the PPI analysis showed that the vmPFC was positively coupled with bilateral amygdala ( Fig. 5A ; Table 5 ) but negatively coupled with right ACC, bilateral AI, bilateral dlPFC, and bilateral intraparietal sulcus ( Fig. 5D ; Table 5 ). ROI analysis showed that the functional connectivity between vmPFC and amygdala was significantly positively correlated with trait anxiety (r ϭ 0.54, p ϭ 0.02; Fig. 5B ). However, the functional connectivity between vmPFC and dACC was not significantly correlated with trait anxiety (r ϭ Ϫ0.33, p ϭ 0.16; Fig. 5E ). The whole-brain regression analysis showed that anxiety was positively correlated with the A, Brain activation of the framing effect (i.e., the contrast of (G sure ϩ L gamble ) Ϫ (G gamble ϩ L sure )). B, Correlations among activation of left amygdala ROI (Ϫ24, Ϫ4, Ϫ10), behavioral framing effect, and trait anxiety. C, Positive correlations between trait anxiety and neural activation for the framing effect based on whole-brain analysis. D, Deactivation of the framing effect (i.e., activation of the contrast of (G gamble ϩ L sure ) Ϫ (G sure ϩ L gamble )). E, Correlations among activation of right dACC ROI (Ϫ40, 10, 2), behavioral framing effect, and trait anxiety. F, Negative correlations between trait anxiety and neural activation for the framing effect based on whole-brain analysis. For A and C, An amygdala mask from the AAL template was used; activation of other brain regions can be found in Tables 1 and 2 . modulation of the framing effect on the connectivity between the vmPFC and the bilateral amygdala ( Fig. 5C ; Table 6 ). Anxiety was negatively correlated with the modulation of the framing effect on connectivity between the vmPFC and the bilateral dACC ( Fig.  5F ; Table 6 ). In other words, whereas increasing anxiety was related to a stronger functional connectivity between vmPFC and amygdala under the framing effect, increasing anxiety was related to weaker neural coupling of vmPFC and dACC.
Discussion
The present results showed that risk preference in trait anxiety was related to task-based framing of risky options. Our findings suggest that anxiety affects decision making by modulating the processing of contextual emotional information (i.e., information that has any emotional value) (e.g., Loewenstein et al., 2001) , rather than by directly strengthening a risk-avoidance tendency. If this supposition was false, high levels of anxiety would have consistently led to choosing the low-risk option (sure option), regardless of frame condition. The idea that anxiety influences processing of emotional context rather than risk-aversion is supported by a recent study, which showed that individuals with heightened social anxiety exhibited decreased risk aversion compared with less anxious controls in a socio-emotional decisionmaking task (Tang et al., 2012) . One possible explanation for these findings is that high-anxious people are prone be to probability-neglect (Loewenstein et al., 2001; Slovic et al., 2005) (insensitive to information about probabilities). Anxious individuals use external emotional messages rather than probabilistic information to evaluate the expected utility of each option (Quartz, 2009), indicating a stronger tendency to rely on the "affect heuristic" when making decisions (Finucane et al., 2000; Slovic et al., 2004) . We found that the framing effect, which is at least partially determined by the operation of the affect heuristic , was amplified with increasing trait anxiety when making economic decisions. These findings support the viewpoint that emotion plays a crucial role in risk-based decision making (Loewenstein et al., 2001; Paulus and Yu, 2012) . Considering the complexity of the underlying mechanisms of the framing effect, however, an alternative explanation of the current results exists. Because the framing effect may be generated from oversimplified processing of information to reduce cognitive demand (Gonzalez et al., 2005; Whitney et al., 2008) , the behavioral findings might actually reflect the influence of anxiety on cognitive resources (Eysenck and Calvo, 1992) rather than on the sensitivity of emotional information. However, this explanation has difficulty accounting for activation of emotion-related brain regions, particularly the amygdala. Given that activation of both amygdala and dACC are altered with trait anxiety in the current study, a plausible account is that trait anxiety affects decision making by modulating both emotional and analytic systems Evans, 2008) .
The dual-system model, proposed by Evans (2003 Evans ( , 2008 , divides the process of decision making into contributions from two systems. The emotional system is fast, automatic, and influenced by emotional context, whereas the analytic system is slow, deliberative, and subject to the limits of working memory. De Martino et al. (2006) found that an "analytic" dACC-based neural system and an "emotional" amygdala-based neural system subserve frame-based decision making. Given that anxiety is associated with both heightened sensitivity to emotional information (Bishop et al., 2004) and impaired working memory Basten et al., 2012) , our findings provide support for the dual-system model of decision making in anxiety. Consistent with the aforementioned models, those with higher anxiety showed hyperactivation of the amygdala-based emotional system and hypoactivation of the dACC-based analytic system in our study.
The amygdala is generally related to the generation and experience of emotions (Aupperle and Paulus, 2010; Domschke and Dannlowski, 2010) For the amygdala, a small-volume correction (Worsley et al., 1996) was applied, with an anatomical mask derived from the AAL atlas (Tzourio-Mazoyer et al., 2002 ) and with a voxel-level threshold p uncorrected Ͻ 0.05 and a search volume of 2200 mm 3 (275 voxels).
memories (Phelps, 2006) that are in the same valence category as the external emotional information (Bechara et al., 2000) . Hence, emotionally positive and negative information lead to approach and avoidance behavior, respectively (Aupperle and Paulus, 2010) . This idea explains why excessive amygdala activity could result in not only increased urges to avoid negative outcomes (De Martino et al., 2010) but also increased urges to obtain rewards (Aupperle and Paulus, 2010) . Considering risk-avoidance as securing a resource, along with risk-seeking as avoiding a resource loss (i.e., the reflection effect) (Kahneman and Frederick, 2007) , our behavioral and neural findings also suggest that the amplified framing effect in anxious individuals during risk decision making may actually reflect heightened loss aversion rather than risk aversion (Hartley and Phelps, 2012). The dACC is vital for inhibition function (Etkin et al., 2006) and is responsible for top-down control of amygdala activity (Ochsner and Gross, 2005) . The relationship between anxiety and dACC activation is dynamic; both hyperactivation and hypoactivation of the dACC are linked to high levels of anxiety (Straube et al., 2009) , indicating dysfunction of the inhibition mechanism (Huang et al., 2009; Ansari and Derakshan, 2011) . Consistent with this idea, high-anxious people exhibit weaker inhibition of emotional stimuli (Derakshan et al., 2009 ) and excessive thought processes related to the inhibition of emotional experience (Borkovec et al., 1998) . In this study, dampened dACC activity indicates that high-anxious individuals may struggle to suppress the activity of the amygdala-based system elicited by emotional framing.
In this study, we use the dual-system architecture to provide a simple scheme for interpreting our findings. However, this system and its focus on individual neural substrates are likely an oversimplification; the amygdala is clearly not the sole representative of the emotional system and the dACC is similarly likely not the sole representation of the analytic system. For example, the dACC plays a domain-general role in integrating negative affect and cognitive control (Shackman et al., 2011) . More generally, the significance of the dual-system model is currently under debate (Seymour and Dolan, 2008; Quartz, 2009) . However, the dual-system architecture does seem to provide a useful heuristic for understanding frame-dependent decision making (De Martino et al., 2006).
The findings that the modulation of the framing effect on neural circuits of amygdala-vmPFC and vmPFC-dACC, associated with trait anxiety, provide evidence that the vmPFC integrates information from these two systems to guide decisions (Schoenbaum et al., 2006) . Previous studies have shown that the vmPFC is crucial for successful decision making (Bechara et al., 2000 (Bechara et al., , 2004 Clark et al., 2008) and emotional value encoding (Winecoff et al., 2013) . Some have proposed that the function of the vmPFC is to engage emotional feelings regarding current situations to guide the evaluation of different options in uncertain contexts (Naqvi et al., 2006) . The vmPFC also plays an important role in top-down control of amygdala activity (Etkin et al., 2006) . Disruptions of the amygdalavmPFC circuitry are centrally involved in the maintenance of anxiety symptoms (Kim and Whalen, 2009; . Amygdala hyper-responsivity and prefrontal under-recruitment result in enhanced selective attention to threat as well as negative biases in threat interpretation, both of which characterize anxiety (Douglas et al., 1993; . Our results indicate that the amygdalavmPFC neural circuitry also influences decision-making preference (Rolls, 2006; Seymour and Dolan, 2008) . The interactions between the vmPFC and dACC are also important for decision making (Blair et al., 2006) . The connection of these two regions is critical for fear extinction, emotional inhibition, and emotional regulation (Etkin et al., 2011) . As a result of these separate network interactions with the vmPFC during decisionmaking processes, it is reasonable to speculate that the vmPFC functions as a "hub" that integrates the emotional inputs from the amygdala and regulatory signals from dACC. The result of this integration determines the subjective appraisal of each option for the individual. For the vmPFC, stronger connectivity with the amygdala and/or weaker connectivity with the dACC may lead to susceptibility to external emotional information. Thus, the framing effect would appear to be stronger in both of these cases. Furthermore, the pattern of altered vmPFC connectivity described above is more prominent with higher levels of trait anxiety.
The insula, which has also been associated with the framing effect (Deppe et al., 2005; Zheng et al., 2010) , was negatively correlated with trait anxiety in the current study. The insula is critical for the representation of interoceptive information (Paulus and Stein, 2006; Gu et al., 2013) . This area also affects risk estimations and reward predictions by modulating the interoceptive feelings associated with different options (Naqvi et al., 2006; Aupperle and Paulus, 2010) . Increased interoceptive awareness among high-anxious individuals is mediated by altered insula reactivity (Hartley and Phelps, 2012) . In this study, attenuated insula activation might result in high-anxious participants' bias to rely more strongly on external emotional cues rather than on interoceptive bodily sensations. Interestingly, previous studies suggest that the insula affects emotional decision making via its extensive reciprocal connectivity with the vmPFC (Augustine, 1996; Ongür and Price, 2000; Clark et al., 2008). Similar to the amygdala and the dACC, the association between the insular activity and frame-dependent decision making in anxiety might also be mediated by the vmPFC, but further research is needed to examine this hypothesis. Whereas most studies on risk-based decision making in anxiety have shown that anxiety is associated with risk-avoidance or, less often, risk-seeking, our findings suggest that the impact of For the amygdala, a small-volume correction (Worsley et al., 1996) was applied, with an anatomical mask derived from the AAL atlas (Tzourio-Mazoyer et al., 2002 ) and with a voxel-level threshold p uncorrected Ͻ 0.05 and a search volume of 2200 mm 3 (275 voxels). anxiety on risk-based decision making actually reflects an anxiety-based vulnerability to emotional information, which is underpinned by the hyper-responsivity of "emotional" neural systems and under-recruitment of "analytic" neural systems.
